Abstract-High quality of surface electromyography is vital during investigation on muscle activity. Low quality of surface EMG signals causes extracted signals to be inaccurate and lead to misinterpretation and misclassification of the signals. A surface EMG signal quality is determined by the ratio of muscle contraction to its baseline during muscle relaxation period. Baseline noises are originated from powerline, cable motion artefact, electronics of the amplification systems and skinelectrode interface. The noises are quite difficult to be removed by digital or active filter since they do not have specific frequency range like powerline interference and corner frequency noise. However, wavelet de-noising enables users to remove noise by accessing both frequency and time information. Baseline surface EMG noise is possible to be removed by estimating de-noise threshold based on mean absolute value and root mean square of its baseline. The result of this study shows that the proposed estimation of threshold method is better than the conventional threshold setting.
I. INTRODUCTION
High quality of surface electromyography (EMG) is vital in muscle investigation such as fatigue identification and classification applications. Surface EMG signals can be detected by an amplitude within 0-10mV (peak to peak) and dominant in frequency range between 20-150 Hz [1] - [3] . Every changes and shifts of surface EMG amplitude and frequency exhibit different explanation on muscle condition. Noises and interferences on surface EMG affect extracted information from the signals; thus, lead to misinterpretation. Therefore, to ensure the accuracy of findings in surface EMG study, high quality of surface EMG signals is crucial.
Quality of surface EMG signals is determined by the amplitude ratio during muscle contraction to amplitude within muscle relaxation. The amplitude during the muscle relaxation is known as surface EMG baseline. Basically, baseline noise is the combination of several extrinsic and intrinsic noise sources. Whilst, extrinsic baseline noise sources refer to powerline and cable motion artefact; intrinsic baseline noise sources refer to noise in the electronics of the amplification system and at the skin-electrode interface [4] - [6] . Unlike corner frequency and powerline interference, baseline noises do not have specific frequency range. Hence, filtering baseline noise through digital or active filter is not possible. With that note, acceptable baseline noise for good surface EMG is about 3-5μV [3] .
Raw surface EMG signals can be pre-processed using wavelet transform to increase its' quality. Wavelet transform is a signal processing tool which allows users to access time and signal frequency information simultaneously. De-noising application in wavelet transform allows users to remove noise by accessing time domain information. [4] , [7] . It is important to note that de-noising surface EMG signals using wavelet transform have been previously tested in [4] , [7] - [9] .
In [7] , the authors compared universal threshold method by Donoho's for the purpose of modifying universal threshold method. Standard deviation value and length of wavelet coefficient were rescaled based on several conditions and adapted to the threshold method. The study has proven that the estimation of threshold using Global Scale Modified Universal Method is more efficient than the others. The research also discovers that manipulating parameter by level decomposition during setting threshold value produces good result. While [4] proved that estimating threshold based on root mean square (RMS) value of surface EMG baseline contributes to better denoising quality than Donoho's method. [8] also estimated the threshold value based on surface EMG baseline. However, information on baseline value, SNR after reconstruction and frequency spectrum after the de-noising process are still limited. This paper introduces a new method in estimating threshold value based on surface EMG baseline. which is different from [4] . Whilst, they have used adaptive method; this paper on the other hand proposes multiplier threshold (MT) method. The main objective of this current study is to mitigate baseline noise to an acceptable value of 3-5μV as recommend by [3] . The study also compares the de-noising performances between threshold values based on RMS and means absolute value (MAV) of surface EMG baseline; and later suggests the most suitable MT. Finally, the proposed method is evaluated according to baseline value after de-noising and its SNR; then compared to conventional threshold method.
II. METHODOLOGY
Surface EMG signals were collected from twenty participants (24.45± 3.9 years, 22.25± 4 body mass index). Next, surface EMG signals from biceps femoris were recorded and the reference electrode was placed at the knee of each participant. The participants were requested to stand and lift one of their legs to activate biceps femoris muscles. Then, the signals were pre-processed with finite impulse response (FIR) high pass filter (HPF) cut off at 10Hz during acquisition to remove baseline wandering. Subsequently, surface EMG signals were collected from custom made system, using AD620 as the instrumentation amplifier. AD620 offers 130dB common mode rejection ratio (CMRR) and SNR 25db; and the system utilizes 248 gain amplifier. NI-DAQ 6008 was employed to digitize signals to 12bits; while frequency sampling was at 1k Hz. In addition, it is essential to note that the experiment procedure was approved by Ethical Committee Universiti Putra Malaysia.
Generally, the de-noising process involves three main stages; decomposition, thresholding and reconstruction. In this experiment, stationary wavelet transform (SWT) was used during the decomposition. SWT was chosen as it was purposely designed for de-noising application [10] . SWT also has been proven to be much better than discrete wavelet transform (DWT) in terms of time-invariants and more importantly it does not have any drawback [10] .
A. Decomposition
Surface EMG signals were decomposed into six levels using 'db45'. Fig. 1 depicts the decomposition of surface EMG signals. It contains the details of coefficient at each level, D1-D6 and its' frequency spectrum. According to Fig.1 , users can evaluate and access signals at both time and frequency. It indicates that baseline noises occurred at every level of decomposition; and surface EMG signals were strong at level D3-D6 of decomposition. In fact, there was no significant information on surface EMG identified at D1 and D2. 
B. Thresholding
The main part in the de-noising process involved thresholding. It was implemented at the details coefficient, whereby the signals above threshold were remained, while the rest was discarded. Estimating threshold value to remove baseline noise was inspired from the calculation of SNR for surface EMG introduced by Delsys. SNR was calculated by the ratio of muscle contraction to muscle relaxation as in (1).
SNR (dB) = 20 log (RMS muscle contract /RMS muscle relax (baseline) )
(1) Fig.2 illustrates an example of surface EMG signal. Signals during muscle relaxation were projected at the baseline. Thick baseline indicated the occurrence of baseline noises. The smallest baseline showed fewer occurrences of baseline noises. Therefore, the threshold was estimated in accordance to baseline value of each details coefficient at every level of decomposition. Before threshold was estimated, few essential information needed to be determined, such as details value during contraction (DC), details value during relax (DR) and maximum value during relax (MR). Then, DC and DR were calculated based on its RMS and MAV. The performance was evaluated to determine which parameters were more suitable to be used. Setting threshold value to MR removed some information due to the presence of unexpected spike in the baseline. However, setting threshold value according to its RMS or MAV retains the baseline noises. Therefore, a multiplier was introduced as the de-noised baseline after reconstruction within the acceptable baseline range. This was to make threshold value slightly higher than RMS or MAV value, but not too high as valuable information might be lost. Hard thresholding was utilized throughout the denoising process to keep the original information. Smoothen thresholding technique through soft threshold method caused the surface EMG signals getting smaller and frequency information was lost after reconstruction. It was essential to preserve as much as possible the significant information of EMG e.g time and frequency.
TH(i) = DR(i) + (MT(i)*(MR(i)-DR(i))
Threshold value was estimated based on formula (2), where i was the level number of decomposition. MT depended on the nature of details coefficient itself. There were three cases in determining MT value. Fig.3 . This can be determined by DC(i) -DR(i)<0.0005. MT was set to 2 to ensure all signals in this coefficient details ar etotally eliminated since it did not imply any valuable information. 2) Case II: MT=1: was for visible surface EMG signals but capturing too much of noise as indicated in Fig.4 . This was determined when DC(i)-DR(i)<0.005. Threshold value was set to a maximum value in the baseline to avoid too much noise was preserved during thresholding process. In addition, surface EMG signals strength at this condition was too small compared to the noise, but removing all the details at this level were inappropiate. 
1) Case I: MT=2
: was for no significant EMG information in details coefficient as demonstrated in
C. Reconstruction
After de-noising process, the signals were reconstructed through inverse SWT. After reconstruction, performance of estimating threshold value based on MAV and RMS were evaluated. Apart from that, performance of MT for case III was assessed. Results were evaluated based on SNR and value of baseline after the de-noising process. value for good quality of surface EMG signals. The result of MT=0.8 was better SNR compared to MT=0.7. The result also confirmed that both RMS and MAV were suitable in estimating threshold values. Fig . 6 presents the frequency spectrum of raw surface EMG signals and after the de-noising process. It indicates that baseline noises which occur at higher frequencies were removed without discarding any of the valuable EMG information. This commonly exists within strong frequency range of 20-150 Hz. Fig.7 shows the original surface EMG signals and de-noised signals after baseline removal. It indicates that most of baseline noises were successfully removed. 
III. RESULT AND DISCUSSION

A. Comparison between RMS and MAV baseline
B. Comparison to Conventional Method
The proposed method then was compared to conventional thresholding method. The results in Table 2 disclose that even though the conventional method increases SNR, but baseline value is not within acceptable range. Hence, this confirms that the proposed method based on RMS and MAV demonstrates better performances at both baseline value and SNR. 
IV. CONCLUSION
This study has demonstrated that estimating threshold value in accordance to its baseline is suitable for de-noising surface EMG application. Conventional method may be practical for other applications. However, processing surface EMG signals should not be ignored because the information on time and frequency perspectives is significant during feature extraction and interpretation stage. This paper also proves that both RMS and MAV employed during estimation are suitable in determining threshold value. Nevertheless, more future works still need to be conducted since corner frequency is not removed.
